InTRoduCTIon
The emergence and spread of antimicrobial resistance are of great concern to human and animal health [1] . In the last decade, the worldwide prevalence of β-lactam antibioticresistant bacteria, such as cephalosporin-resistant Enterobacteriaceae, has increased dramatically in humans, various animal species and the environment [2] . The main cause of cephalosporin resistance is the production of extendedspectrum β-lactamase (ESBL) and AmpC β-lactamase [3, 4] . Cephalosporin-resistant Enterobacteriaceae often exhibit co-resistance to fluoroquinolone, showing chromosomal mutation in their quinolone resistance-determining regions (QRDR) and plasmid-mediated quinolone resistance (PMQR) [5] [6] [7] . For companion animals, such as dogs and cats, there are two issues surrounding the harbouring of antimicrobial resistance [8] [9] [10] . Firstly, companion animals are a potential reservoir for antimicrobial-resistant bacteria, which may lead to human infection. Secondly, companion animals may contract antimicrobial resistance via various routes such as contact with humans, feeding with raw pet food products, and outdoor living or walking. Therefore, assessing the distribution of antimicrobial resistance among companion animals can reflect the circulation of the bacterium among humans, animals, and the environment, as well as gauge the risk to human health.
as the presence or absence of owner at the point of admittance to the shelter, divergent health status, age and sex, which we considered more suitable for our monitoring study than animals with illness or from animal hospitals. Furthermore, to investigate the routes of spread of antimicrobial resistance among sheltered companion animals, we phenotypically and genotypically characterized isolates of cephalosporin-resistant Enterobacteriaceae and assessed the correlation between the presence of the bacteria and animal attributes such as sex, health status and previous association with humans.
METHodS

Sample collection
Faecal samples or rectal swabs were collected between March 2014 and January 2017 from 151 dogs and 182 cats brought to Osaka Municipal Animal Care and Control Center. Not all animals brought to the animal shelter were sampled. Animals that lived together and/or could not be accurately identified as individually living, were not included. Samples were collected as soon as possible from brought animals. Faecal samples were collected naturally and swabs were collected under anesthesia during castration operations performed in preparation for adoption. Faecal samples were stored at −20 °C, and swabs were stored in presentation medium (Seedswab γ3; Eiken Chemical, Japan) at 4 °C until examination. Samples were examined within 3 days. Animals were classified according to sex, age group, presence/absence of owner and health status. The veterinarian decided animal attributes with medical examination.
detection and analysis of cephalosporin-resistant Enterobacteriaceae
Faecal samples or rectal swabs were inoculated on MacConkey agar (Nissui Pharmaceutical) supplemented with 1 mg l −1 of cefotaxime and incubated at 37 °C for 20 h. Up to five Enterobacteriaceae-like colonies were subcultured. Bacterial species were identified by biochemical tests with an API 20E identification kit (Sysmex bioMérieux) and 16S rRNA sequencing, as necessary. O-serotyping of E. coli was performed using SEIKEN, a commercially available immunosera for the typing of pathogenic E. coli (Denka Seiken). The MIC for different categories of antimicrobials (gentamicin, piperacillin-tazobactam, meropenem, cefazolin, ceftazidime, ciprofloxacin, trimethoprim-sulphamethoxazole and amoxicillin-clavulanic acid) [11] was tested by Dry Plate EIKEN (Eiken Chemical) and E-test (Sysmex bioMé-rieux) according to the manufacturer's instructions. The β-lactamase-producing phenotype was determined with a double disk synergy test using cefotaxime with clavulanic acid (30/10 µg), ceftazidime with clavulanic acid (30/10 µg) (Beckton Dickinson, USA), ESBL-CPX/CVA disk (Eiken Chemical), and a disk containing bolonic acid (300 µg) (Eiken Chemical). The results of the MIC and ESBL-production tests were interpreted according to CLSI M100-S25 guidelines [12] . AmpC production was assessed according to a previous report [13] . Carbapenemase production was tested by Carba NP test II [14] and double disk synergy test using an sodium mercaptoacetic acid (SMA) disk (Eiken Chemical).
The CTX-M group genes, TEM genes and SHV genes were detected by PCR, and each subtype was identified by sequencing of the PCR-products, as described previously [15, 16] . Plasmid-mediated AmpC β-lactamase genes (ACC, FOX, MOX, DHA, CIT and EBC) were detected by PCR [17] , and confirmed and typed by directional sequencing with specific primers.
PCR amplification and DNA sequencing of gyrA and parC genes, the main determinants in QRDR, were performed according to a previous report [18] . The PMQR genes were detected by PCR and confirmed by directional sequencing with specific primers. PCR primers and programs were as described; qnrA, qnrB, qnrC, qnrS and qepA [19] , qnrD [20] , oqxA and oqxB [21] and aac(6′)-Ib-cr [22] .
When several isolates were cultured from the same dog or cat, they were designated as different clones if they exhibited differences in their β-lactamase genes and PFGE patterns.
PFGE analysis
PFGE analysis for E. coli isolates was performed according to the protocol described in PulseNet by CDC ( www. cdc. gov) with minor modifications. Briefly, PFGE plugs were prepared by culturing isolates at 37 °C for 18 h in TryptoSoya Broth (Nissui Pharmaceutical) using SeaKem Gold Agarose (Cambrex, NJ, USA). The plugs were digested with 30 units of XbaI (Roche Diagnostics, Switzerland) at 37 °C for 18 h. The plugs were electrophoresed with a CHEF-DR III system (Bio-Rad Laboratories, Hercules, CA, USA) through 1 % SeaKem Gold Agarose in 0.5×TBE buffer at 14 °C and 6 V cm −1 for 19 h. Switching times were ramped from 2.2 to 54.2 s. Dendrographic analysis of the fragment patterns was performed using Fingerprinting II software Japanese Edition (Bio-Rad Laboratories). Similarity analysis was performed using the Dice coefficient. Clustering was examined using the unweighted pair group method with arithmetic averages.
MLST analysis and phylogenetic grouping
MLST analysis for E. coli and K. pneumoniae isolates was performed according to the protocol described in the MLST database for Escherichia coli#1 (http:// mlst. warwick. ac. uk/ mlst/ dbs/ Ecoli) and Klebsiella Sequence Typing (http:// bigsdb. pasteur. fr/ klebsiella/). Allelic numbers of individual genes, sequence types (ST), and clonal complexes (CC) or clonal group were identified by submitting and querying the nucleotide data to the databases.
The phylogenetic grouping for E. coli isolates was performed by multiplex PCR, as previously described [23] .
Statistical analysis
Animal attributes of sex (male or female), age group (less than 3 months old or over 3 months old), presence/absence of owner upon admittance to the shelter, and health status (healthy or unhealthy) were recorded for dogs and cats at the time of sampling. Correlation between prevalence of cephalosporin-resistant Enterobacteriaceae and individual attributes was estimated using Fisher's exact test. A P-value below 0.05 was considered significant. Additionally, the odds ratio was also estimated. If both the odds ratio and the lower limit of the 95 % credible interval were above 1, it was considered as significant.
RESuLTS
Prevalence of cephalosporin-resistant Enterobacteriaceae among sheltered dogs and cats
The prevalence of cephalosporin-resistant Enterobacteriaceae among 151 dogs and 182 cats in an animal shelter are investigated. Cephalosporin-resistant Enterobacteriaceae were detected in samples from 22 dogs (14.6%) and 20 cats (11.0%). ESBL-producing Enterobacteriaceae strains were isolated from samples from 8 dogs and 14 cats, and all isolates except 1 (K. pneumoniae), were identified as E. coli. AmpC-producing strains were isolated from samples from 15 dogs and 6 cats, and all of these isolates were E. coli. One dog harboured both ESBL-producing E. coli and AmpC-producing E. coli.
Correlation between animal attributes and prevalence of cephalosporin-resistant Enterobacteriaceae
Prevalence of cephalosporin-resistant Enterobacteriaceae among dogs and cats by their individual attributes (sex, age group, presence/absence of owner and health status) are presented in Table 1 . Statistical analysis by Fisher's exact test and odds ratio detected a statistically significant difference among dogs. The prevalence cephalosporin-resistant Enterobacteriaceae among the male group was significantly higher than the female group (P=0.035, odds ratio 3.245). No significant correlations were detected among cats.
Genetic and phenotypic characterization of cephalosporin-resistant Enterobacteriaceae
Of 43 cephalosporin-resistant isolates, 22 were ESBLproducing and 21 were AmpC-producing. All isolates were negative for carbapenemase production. Altogether, 42 of the isolates were identified as E. coli. Fig. 1 shows the detailed characteristics of the 42 E. coli isolates. Additionally, an ESBLproducing K. pneumoniae isolate was detected from a cat, harbouring the genes CTX-M-15, TEM-1 and SHV-28, and assigned to ST15 (clonal group 15) by MLST analysis. The isolate exhibited resistance to gentamicin, cefazolin, ceftazidime, ciprofloxacin, trimethoprim-sulphamethoxazole and ampicillin.
All 21 ESBL-producing E. coli isolates harboured the CTX-M gene (Fig. 1) . Among them, seven isolates also harboured the TEM-1 gene. There were eight variants of the CTX-M gene, including CTX-M-1 (n=1), CTX-M-2 (n=2), CTX-M-8 (n=2), CTX-M-14 (n=9), CTX-M-15 (n=2), CTX-M-24 (n=1), CTX-M-27 (n=3) and CTX-M-55 (n=1). They were classified into 13 distinct STs. The STs of multiple isolates were ST117 (n=4), ST131 (n=4) and ST38 (n=3). The remaining STs, ST69, ST155, ST162, ST165, ST345, ST350, ST405, ST648, NA(II) and NA(III) each belonged to a single isolate. The ST117 isolates were classified into phylogenetic group D, were either serotype O8 or UT, and harboured the CTX-M-2, CTX-M-8 or CTX-M-24 genes. The ST131 isolates were classified into phylogenetic group B2, were either serotype O25 or UT, and harboured the CTX-M-14 or CTX-M-27 genes. The ST38 isolates were classified into phylogenetic group D, were of serotype O86a, and harboured the CTX-M-14 gene.
Of the 21 AmpC-producing isolates, the resistance genes CMY-2 and DHA-1 were detected in 15 and 3 isolates, respectively. In three isolates no resistance genes were detected. The AmpC-producing isolates were classified into 12 distinct STs. The STs to multiple isolates belonged were ST10 (n=6), NA(I) (n=3), ST38 (n=2) and ST297 (n=2). Remaining STs: ST93, ST2541, ST56, ST162, ST3549, ST73, ST589 and ST115, were each found in one isolate. The ST10 isolates were classified into phylogenetic group A, were of either serotype O157 or UT, and harboured the CMY-2 gene. The NA(I) isolates were classified into phylogenetic group B1, were of the serotype UT, and harboured CMY-2 gene. The ST38 isolates were classified into phylogenetic group D, were of the serotype UT, and harboured the CMY-2 and DHA-1 genes. The ST297 isolates were classified into the phylogenetic group B1, were of serotype O1, and either harboured the CMY-2 gene or no AmpC gene was detected.
Antimicrobial susceptibilities for nine kinds of antibiotics were tested (Fig. 1 
PFGE analysis of cephalosporin-resistant E. coli
PFGE and dendrogram analysis were performed to assess genetic relationships (Fig. 1) . Of the 42 cephalosporinresistant E. coli isolates, there were 38 distinct band patterns. Similarity of band patterns between isolates ranged from 18.2 to 100%. PFGE patterns were distinct and specific clusters were not grouped by β-lactamase phenotype, resistance genes, sequence type or O-serotype, except for some isolates. Isolates 
dISCuSSIon
Antimicrobial resistance is a major concern for human and animal health. We investigated the prevalence of cephalosporin-resistant Enterobacteriaceae among sheltered companion animals. Cephalosporin-resistant ESBL-or AmpC-producing Enterobacteriaceae (which were almost all E. coli) were distributed among dogs and cats at a relatively high rate. Several studies have reported the presence of ESBL/ AmpC-producing Enterobacteriaceae in clinical samples from companion animals [6, 10, [24] [25] [26] [27] . However, studies of intestinal carriage among sheltered companion animals is limited [27] . Particularly, the association of antimicrobial-resistant bacteria with attributes such as sex and health status has not, to the best of our knowledge, been considered.
Statistical analysis to understand the risk factors of carrying cephalosporin-resistant Enterobacteriaceae among dogs and cats revealed only a significant correlation among individual attributes of dogs for males and females. Belas et al. reported that the use of antimicrobials in the preceding year was the major factor associated with the carriage of ESBL/AmpCproducing E. coli [28] . The history of antimicrobial treatment in the companion animals in our study is not known, but the presence of an owner at the point of admittance to the shelter indicates the possibility of past antimicrobial treatment. The presence of an owner also indicates a history of association with humans, while the lack of an owner indicates that the companion animal was a stray or had been abandoned. However, a significant correlation with the presence of a previous owner was not detected, indicating that not only antimicrobial-usage and contact with humans, but other factors may be associated with carriage of cephalosporinresistant Enterobacteriaceae.
Interestingly, the single ESBL-producing K. pneumoniae isolate was classified as serotype ST15 and harboured the CTX-M-15 gene, which is the type widely disseminated among humans and companion animals [29, 30] .
Of the E. coli isolates, a variety of β-lactamase genes was detected, with the CMY-2 gene and CTX-M-14 gene being the most dominant. The detected β-lactamase genes included those identified in Japanese reports to be spreading among patients in hospitals [15, 16] , healthy individuals [31] , foodproducing animals [32] [33] [34] and environments [35, 36] . These β-lactamase genes are related to those isolated from Japanese companion animals exhibiting illness or visiting animal hospitals [24] [25] [26] 37] . The frequency of dominant β-lactamase gene depends on the report: CMY-2 [25, 26] , CTX-M-14 [24] , CTX-M-15 [24] and CIX-M-27 [25, 37] are known dominant β-lactamase genes. Some reports have found that B2-O25-ST131 E. coli, one of the major pandemic clones isolated from human clinical samples worldwide [38] , is also the major type among companion animals [10, 24, 25, 37, 39] . However, in this study, the O-serotypes and sequence types of E. coli isolates were highly variable. Some of the STs included those detected from companion animals, humans, foodproducing animals and environments in Japan and other countries [10, 16, 25, 35, 39] .
PFGE analysis of cephalosporin-resistant E. coli isolates from clinical human isolates or companion animals often forms PFGE clusters with high band pattern similarity, depending on their β-lactamase genes, O-serotypes and sequence types [6, 15, 37] . However, in the present study, the PFGE patterns of cephalosporin-resistant E. coli isolates indicated high genetic diversity. Specific clusters due to β-lactamase genes, O-serotype and ST were not present except for some little clusters. The suspected reason for their little clusters was mutual infection within the animal shelter because of the nearness the date of admittance to an animal shelter. Dogs and cats were kept in separate place, but traffic of people or materials in an animal shelter might cause crossover contamination.
According to the international standard of multidrugresistant (MDR) for Enterobacteriaceae reported by Magiorakos et al. [11] , MDR was 'the isolate is non-susceptible to at least one agent in three or more antimicrobial categories' . For this standard, 37 isolates (86.0%) out of 43 cephalosporinresistant isolates were categorized as MDR. Many cephalosporin resistant isolates were also resistant to fluoroquinolone with mutations in gyrA and parC genes, the main QRDRs. Two isolates also harboured PMQR genes. The increase in quinolone resistance in Enterobacteriaceae has been reported nationwide [18] , and has a clinical impact on the treatment of infectious diseases in companion animal and humans.
Taken together, the genetic diversity of cephalosporinresistant Enterobacteriaceae in sheltered companion animals with various backgrounds, indicates that the bacteria was obtained by multiple routes, such as from humans, the environment, raw pet food [9] and antimicrobial usage.
In conclusion, we found that diverse phenotypic and genotypic cephalosporin-resistant Enterobacteriaceae is widely distributed among companion animals with various backgrounds in Osaka, Japan. Companion animals may play a bridging role in the circulation of antimicrobial-resistant bacteria from humans and from other origins. The detection rate of ESBL-producing isolates in the present study was much higher than that investigated among sheltered dogs in Tokyo, Japan about 10 years prior; Hatakeyama et al. screened ESBLproducing Enterobacteriaceae from faecal sample of 134 sheltered dogs in Tokyo, Japan between 2005 and 2006 using the same method as the present study, only one ESBL-producing E. coli was isolated and the detection rate was 0.7 % [27] . This phenomenon may reflect an increase in cephalosporinresistant Enterobacteriaceae during the period [2, 3] . We should continue the screening of companion animals to assess the distribution of antimicrobial bacteria including that have not been detected in the present study, but are becoming a threat to human health.
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